Abstract. Teams are now a structural feature in organizations, and conflict, which is recognized as an inescapable phenomenon in the team context, has become an area of increased research interest. While the literature shows contradictory results regarding the impact of conflicts on teams, the strategies used to manage them have shown that can help to explain the differentiated effects of conflict situations. Adopting a nonlinear dynamic system perspective, this research tests a cusp catastrophe model for explaining team members' satisfaction, considering the roles of conflict and of conflict management. In this model, the conflict type is the asymmetry variable and conflict-handling strategies are the bifurcation variables. The sample is composed of 44 project teams, and data was collected at two points (half-way through and at the end of the project). The presence of a cusp catastrophe structure in the data was tested through both the dynamic difference equation modeling approach, which implements the least squares regression technique, and the indirect method, which uses the maximum likelihood estimation of the parameters. The results suggest that the cusp model is superior to the linear model when the bifurcation variables are passive strategies, while less clear results were found when active strategies are considered. Thus, the findings show a tendency for a nonlinear effect of passive strategies on members' satisfaction. Accordingly, this study contributes to the literature by presenting passive conflict-handling strategies in a bifurcation role, which suggests that beyond a certain threshold of the use of these kind of strategies, teams might oscillate between two attractors.
Introduction
that, when conflict is focused on the task, can have positive outcomes, these positive effects have been largely elusive [12, 16] . In fact, empirical results consistently report a negative impact of intragroup conflict on team effectiveness (e.g., [12, 13, 16] ). When the outcome considered is team member's satisfaction, results tend to be even more consistent. Indeed, even if a conflict might be positive for task results because team members gain information about different opinions and perspectives [15] , individuals who engage in conflict situations feel frustration and irritation and tend to be less satisfied with their team [13] .
To understand the effects of intragroup conflict on team results, particularly on team members' satisfaction, we have to consider the way team members handle conflict situations. At the intragroup level, conflict management strategies describe the responses of team members to conflict situations [11] . Although several frameworks exist for classifying conflict management strategies (e.g., [17, 18, 19] ), most of them are based on a two-dimensional typology: one dimension encompasses the extent to which one wants to pursue one's interests (concern for self) and the other dimension concerns the extent to which one wants to fulfill the interest of the other party involved in the interaction (concern for others). From the combination of these two dimensions, five conflict-handling strategies emerge, of which the most studied are: integrating (high concern for self/high concern for others), dominating (high concern for self/low concern for others), avoiding (low concern for self/low concern for others) and obliging (low concern for self/high concern for others) [20] . Integrating and dominating are both active strategies of handling conflict. While integrating is a cooperative approach and dominating is a competitive one, when parties adopt these strategies act in an assertive way in order to attain the desired goals. They are in control of their own actions and they try to influence the outcomes obtained from the conflict situation [21, 22] . Avoiding and obliging are passive strategies of managing conflict: when individuals adopt avoiding or obliging strategies to handle conflict situations, they are giving up on their own interests and they behave as passive recipients of their counterpart's actions and initiatives [21, 23] .
Previous studies have tried to clarify how particular ways of managing intragroup conflict influence team effectiveness (e.g., [24, 25] ). Integrating has been reported as the most constructive way of handling conflict and evidence has been found for its positive effect on team members' satisfaction [11, 13] . However, handling conflict through a collaborative approach may not always be an appropriate strategy. Indeed, previous studies found that certain conflict situations are difficult to settle to mutual satisfaction and being cooperative and understanding in this kind of situations is unlikely to solve the problem, contributing to its escalation [25, 26] . Moreover, integrating is a strategy that consumes time and energy and detracts the team from the task, threatening the ability of the team to achieve its results [25] . This is particularly important when the frequency of conflict is too high. Dominating, in turn, being a win-lose strategy, has been related to negative consequences, such as poor performance and poor levels of satisfaction [13, 27, 28] . However, although much of the literature presents the dominating strategy as a non-effective way of facing a conflict situation, there is also some empirical evidence for the positive consequences of dominating for effectiveness (e.g., [29] ). These results are in line with the conflict management contingency approach [18] , which assumes that the appropriateness of each conflict-handling strategy depends on the circumstances. Concerning passive strategies of conflict management, the results are even more inconclusive. Indeed, although some studies suggest that adopting a passive strategy of conflict management might be an effective way of handling some kinds of conflict [25] , others suggest that the lack of controls in the results obtained that characterizes this kind of strategy tends to increase strain and frustration [21] generating dissatisfaction in the teams.
In the traditional teamwork research literature, low levels of consensus like the one reported above are common. Actually, discrepancies like these ones appear and have been, mainly, treated as irregularities because the linear and reductionist approach is not able to capture the complexity of teams [30, 31, 32] . In order to understand the dynamic nature of teams, one should adopt perspectives and methods that recognize the nonlinear nature of the relationships between team inputs, processes and outcomes [33] . Accordingly, the central aim of the present paper is to examine team members' satisfaction from a nonlinear dynamical system (NDS) perspective taking into account the role played by conflict and conflict management.
The NDS approach is the study of how complex processes unfold over time and is sometimes known as chaos theory or complexity theory [34] . One branch of complexity science, catastrophe theory, which is based on nonlinear modeling methods, enables the analysis of discontinuous, abrupt changes in dependent variables resulting from small and continuous changes in independent variables [35] . Cusp catastrophe theory, the most commonly used in team research, describes change between two stable states of the dependent variable (i.e., order parameter) and two independent variables (i.e., control parameters) [36] . The possibility of modeling discontinuous changes, richly describing the phenomenon under consideration [37] , is one advantage of this approach that can contribute to the development of the knowledge about the complex relationships between conflict, conflict management and satisfaction.
The purpose of the present paper is to test a cusp model in the data, which is summarized in Fig. 1 . Members' satisfaction is considered the dependent variable or the order parameter, which is influenced by intragroup conflict and conflict management. Based on the literature presented above, it is expected that intragroup conflict will maintain a negative and stable relationship with members' satisfaction, because the higher the level of task and affective conflict within the team, the lower the level of satisfaction of the members with the team. Thus, members' satisfaction is considered as the asymmetry variable in the cusp model since this type of parameter is related to the order parameter in a consistent pattern [37] . Conflict management, in turn, is a potential candidate for a bifurcation parameter, inasmuch as it could lead the group system to a sudden change in level of satisfaction. Hence, the inconsistent pattern of results concerning the relationship between conflict-handling strategies and satisfaction might be a clue for the presence of a nonlinear relationship still unknown. A certain amount of each of the conflict-handling strategies might be beneficial, allowing the group to manage the conflict situations in an effective way, leading, consequently, to positive feelings towards the group. However, a high frequency of use of each of the strategies mentioned might be dysfunctional: active strategies might contribute to an escalation of conflict, with negative consequences for team results, while passive strategies might lead to an increase in the levels of frustration, jeopardizing the levels of satisfaction. Consequently, conflict-handling strategies is a potential candidate for a bifurcation parameter, since it might lead team members to a sudden change in level of satisfaction.
Materials and Methods

Sample
A longitudinal study was conducted in which we surveyed project teams from technological and engineering programs of one Portuguese university. These undergraduate programs are organized in a Project-Based Learning (PBL) environment. Within this framework, students are asked to develop, in small groups (between three and six members), real-life challenges that are presented to them as projects. Students have one semester to develop their projects and, when needed, professors can guide them, acting as facilitators.
Data was collected in a meeting with each team at two points in the semester: at the middle of the academic semester (T1) and at the end of the semester (T2), before the public presentation of the work developed. At T1 participants were asked about what had happened in the team since the beginning of the group until the moment they filled in the questionnaire and at T2 students were asked to evaluate the group according to what had happened since the previous data collection. Forty-four project groups participated in the data collection. Teams had, on average, four members (SD = 0.9), with a mean age of 24 years (SD = 6.5), 88% were male, 78% were full time students and most of them (55%) were attending the third year of the program (31% were attending the first year and the remaining the second year).
Measures
In the present study, all constructs under study (i.e., members' satisfaction with the team, intragroup conflict and conflict management) were measured through single-item measures and VAS (Visual Analogue Scales). In the case of conflict and conflict management since they are multidimensional constructs, a single-item measure was created for each dimension. Our decision to use this kind of measures is in line with the guidelines of authors such as Roe, Gockel and Meyer [38] , which state that multi-item measures are not appropriate for capturing change in groups over time and that single-item measures and graphic scales are suitable alternatives in longitudinal studies.
All measures were submitted to a set of experts and to three pilot studies for estimating content and face validities, respectively, and no problems have been identified [39] . Convergent validity studies with the original multi-item measures on which these measures were based, as well as nomological validity studies, were also conducted in order to support our confidence in the measures used [40, 41] .
To measure members' satisfaction with the team, we developed one singleitem that assesses the overall satisfaction with the team. The development of this item was based on the Gladstein's Global Satisfaction Scale [42] , which is composed of three items. Participants were asked to mark on a VAS, from 0 (very dissatisfied) to 10 (very satisfied), the degree of satisfaction, or dissatisfaction, with the team, at the two data collection points.
To measure intragroup conflict, two items were developed based on the 9-item scale by Dimas and Lourenço [13] : one item for assessing task conflict and the other one for measuring affective conflict. Participants were asked, at T1, to mark on a VAS, from 0 (never) to 10 (always), the frequency of the occurrence of tension related to the way the work should be performed (task conflict) and to differences of personality or values between members (affective conflict).
To measure conflict management, four single-item measures were developed based on the ROCI-II multi-item scale [43] . Participants were asked to mark on a VAS, from 0 (never) to 10 (always), the frequency of adopting each of the four conflict management strategies in order to handle conflict situations, from the beginning of the project to the data collection point (T1).
Data Analysis
Mathematically, the cusp model is expressed by a potential function f (y):
Equation (1) represents a dynamical system, which is seeking to optimize some function [44, 45] . Setting the first derivative of the equation (1) to zero, it results in the equation (2), which represents the three-dimensional equilibrium response surface of the cusp model:
where a is the asymmetry factor and b is the bifurcation factor. In the present research design, the teams began to work at time T0 (not measured), while two measurements were carried out at the middle of teams' life (T1) and at the end of the teams' life (T2). These two measures in time facilitate the application of the dynamic difference equation modeling approach, which implements least squares regression techniques [46] . According to this method all variables were transformed to z scores corrected for location and scale :
where λ is the minimum value of y and the scale s is the ordinary standard deviation.
The specific equation to be tested for a cusp catastrophe model is:
where z is the normalized behavioral variable, while C and CHS are the normalized asymmetry (conflict) and the bifurcation (conflict-handing strategies), respectively. The nonlinear model is tested against its linear alternatives, from which the most antagonistic is the pre/post model:
For both models, z 1 is team members' satisfaction at T1 while at T2 is z 2 and b i , i = 1, . . . , 4 are the model's parameters to be determined by least squares regression. In order to test the nonlinear hypothesis that a cusp catastrophe is appropriate model to describe satisfaction, the regression equation (4) should account for a larger percent of the variance in the dependent variable than the linear alternatives. In addition, the coefficients of both the cubic and the product terms in equation (4) must be statistically significant.
Moreover, additional calculations were carried out with the indirect method, which implements the cusp pdf and uses maximum likelihood estimation of the parameters [47] . The calculations are performed in R cusp package. In this method, the statistical evaluation model fit was based on pseudo-R 2 statistics for the cusp models and on AIC, AICc and BIC indices (Akaike's criterion, Akaike's criterion corrected for small samples and Bayes's information criterion, respectively). Also the likelihood ratio chi-square was used in order to compare the fit of the cusp models and the linear regression models [37] . In addition, the presence of a cusp catastrophe is established by the statistical significance of its coefficients. 
Results
As the unit of analysis in the present study was the group rather than the individual, members' responses were aggregated to the team level for further analyses. In order to justify the aggregation of the team level constructs (conflict type and conflict-handling strategies), the ADM index [48] was used. The average ADM values obtained for task conflict, affective conflict, integrating, dominating, avoiding and obliging were, respectively, 1.13 (SD = 0.87), 0.99 (SD = 0.88), 1.0 (SD = 0.93), 1.27 (SD = .85), 1.7 (SD = 1.09), 1.26 (SD = 0.87). Since all the values were below the upper-limit criterion of 2.0, team members' scores were aggregated, with confidence, to the team level. Table 1 displays the means, standard deviations and correlations for all variables under study. Tables 2 to 5 show the regression slopes, standard errors and t-tests for four cusp catastrophe models and their pre/post linear models. Table  2 shows the results for the difference model estimated by least squares regression, with task and affective conflicts as asymmetry variables and integrating as a bifurcation variable. The cusp model and the pre/post linear explain a similar proportion of the variance (R 2 = .27), and, in the cusp model, only the cubic term is significant [t = -2.52, p <0.05]. Note: * * * p < .001, * * p < .01, * p < .05, † p < .10. Note: * * p < .01, * p < .05, † p < .10 (one-tailed).
conflict management (in particular, avoiding and obliging) as bifurcations and exemplified the special role that they might have for team functioning. In order to find further support for the cusp structure identified, the cusp model was also estimated by maximum likelihood method. Tables 6 to 9 show the slopes, standards errors, Z-tests and model fit statistics for the cusp and the linear model. Table 6 displays the estimated cusp model with types of conflict as the asymmetry variables and integrating as the bifurcation variable. As can be seen, the cusp model is superior to the linear one, although the difference is not significant (χ 2 (2) = 4.34, ns), and task conflict and integrating were both Note: * * * p < .001, * p < .05. Note: * * * p < .001, † p < .10 (one-tailed).
statistically significant. Table 7 , in turn, gives the estimated cusp model with types of conflict as the asymmetry variables and dominating as the bifurcation variable. The cusp model was superior to the linear model but the difference was not statistically significant (χ 2 (2) = 3.84, ns). The role of dominating as a bifurcation variable was also not statistically significant. Table 8 displays the results for the cusp model with types of conflict as the asymmetry variables and obliging as the bifurcation variable. Results support the superiority of the cusp model when compared to the linear one. Indeed, the R 2 of the cusp model Note: * * * p < .001, * p < .05. Note: * * * p < .001, † p < .10 (one-tailed).
(R 2 = .11) was superior to the linear model (R 2 = .09), and the difference was significant (χ 2 (2) = 6.35, p<.05). Moreover, the estimates of fit AIC, AICc and BIC also recommend the superiority of the cusp model. The role of obliging as bifurcation was significant, as well as the role of task conflict as the asymmetry variable. Finally, Table 9 shows the estimated cusp model with types of conflict as the asymmetry variables and avoiding as the bifurcation variable. Although the role of avoiding as bifurcation was marginally significant, the linear model (R 2 = .11) was significantly superior (χ 2 (2) = 7.50, p<.05) to the cusp model (R 2 = .10).
Overall, results obtained with the difference model estimated by least squares regression and with the indirect model estimated by maximum likelihood method, go in the same direction, revealing the existence of a cusp structure in our data, where the role of task conflict as an asymmetry variable and of conflict management, in particular of the obliging strategy, is clearly supported.
Discussion and Conclusions
Teams have been theoretically conceived as complex, adaptive and dynamic systems: a) complex, because they are entities embedded in a hierarchy of levels revealing complex behaviours; b) adaptive, because they are continuously adapting to environmental changes; and c) dynamic, due to their functioning being dependent both on the team's history and on its anticipated future [9, 49] . Despite the general acceptance of teams as complex adaptive systems, the examples of empirical research that incorporate this conceptualization remain scarce [32] . The present paper intends to be a contribution to understanding the complexity of team dynamics, by studying members' satisfaction with the team from a nonlinear dynamic system perspective, taking into account the role played by conflict and conflict management.
With regard to intragroup conflict, in line with the literature [12, 13] , task conflict presented a negative linear effect on satisfaction, whereas the role of affective conflict was not significant. Because conflict generates tension and discomfort, it is not surprising that team members are less satisfied with being a part of teams where conflicts are very frequent. The non-significant relationship between affective conflict and satisfaction might be due to the fact that we are studying groups that are created to develop a task and, in consequence, the task system is the most prevalent [13] .
Conflict-handling strategies act as bifurcation variables exhibiting a "moderating" role with nonlinear effects. As a result, sudden shifts between different modes of satisfaction (high or low) might occur, beyond a threshold value. From the conflict-management strategies that were studied, the role of passive strategies as bifurcation variables, in particular the strategy of obliging, was better supported by the data. Beyond a certain threshold of obliging, groups that have the same level of conflict might oscillate between two attractors, the modes of high and low satisfaction levels, respectively. A small variation in obliging leads the system to an area of unpredictability in terms of members' satisfaction. Thus, the present research contributes to the literature by presenting conflict management as a bifurcation, which might explain the discrepancies between findings about the relationship between passive strategies of conflict-handling and team effectiveness [21, 25] .
Another contribution of the present paper is the use of both the difference equation modeling approach, which implements the least squares regression technique, and the indirect method, which uses the maximum likelihood estimation of the parameters, in order to test the presence of a cusp model. By going in the same direction, the results found with the two methods reinforce the presence of a cusp structure in our data. Moreover, the results reveal that both the difference equation modeling approach and the indirect method are appropriate strategies to use with this kind of data.
The present study, supporting the nonlinear dynamics of conflict, conflict management and satisfaction, adds to the growing body of research that considers teams as complex adaptive and dynamic systems. Despite the contributions of our research, the present work also presents limitations. An important shortcoming of this study is the sample size, which does not allow the simultaneous testing of the four conflict-handling strategies as bifurcation within a cusp model. Moreover, our study is focused on a particular type of group: project groups composed of students. Future studies should replicate the present findings with different teams, such as organizational workgroups.
